Introduction
Ankylosing spondylitis (AS) is a chronic inflammatory disease that predominantly affects the sacroiliac joints and spine, and its pharmacological management, for the most part, is limited to the use of nonsteroidal antiinflammatory drugs and tumor necrosis factor (TNF) alpha inhibitors because the traditional disease modifying antirheumatic drugs are not effective, especially for axial disease. Physical therapy and exercise have long been viewed as complimentary to pharmacological therapy. The purpose of this article is to review the role of such nonpharmacological modalities in the management of AS.
Current issues with physical therapy and exercise in ankylosing spondylitis
Data on the role of physical therapy exercise in AS are limited and very little has been published over the past year at the time of writing this review. Most studies included relatively small number of patients and did not report long-term outcomes. Specific treatment protocols have not been comprehensively compared. Unfortunately, limited resources hinder conducting large clinical trials on this nonpharmacological form of therapy. One of the unavoidable problems with studies of physical therapy is the inability to blind patients to what form of intervention they receive, which may result in reporting bias. Using objective outcome measures may, however, alleviate such a problem. Currently available data do not address what role physical therapy may have on patients with AS in the era of TNF inhibitors. No studies have been done to compare, for example, treatment with TNF inhibitors combined with physical therapy and exercise versus TNF inhibitors alone. Cost may play a limiting rule in utilizing formal physical therapy at a time of rising cost of healthcare. Unfortunately, insurance plans often do not cover formal physical therapy sessions for patients with AS. We believe that regular exercise is under-utilized by patients and that formal sessions of physical therapy are underprescribed by physicians.
Purpose of review
To review studies of various physical therapy programs in ankylosing spondylitis and identify their benefits and potential indications in the treatment of this disease.
Recent findings
Various exercise and physical therapy programs have been evaluated in clinical studies. Home exercise programs have been shown to improve symptoms, mobility, function and overall quality of life. Formal physical therapy under the supervision of a physical therapist has been shown to improve posture, fitness, mobility, function and mood. Water therapy may improve symptoms, function and overall sense of health. Inpatient rehabilitation may provide rapid short-term improvement in pain and stiffness, mobility, function and quality of life for patients with severe active disease. Summary Despite the advances in the pharmacological therapy of ankylosing spondylitis, physical therapy remains an essential part of the management plan. Even though data are not sufficient to determine which specific physical therapy program should be recommended, physicians should implement such nonpharmacological therapy as part of a comprehensive management strategy for this disease. All patients should receive instructions on proper posture and home exercises and be encouraged to perform water exercises if they can. Formal physical therapy and, in most severe cases, inpatient rehabilitation may be of benefit to select patients with ankylosing spondylitis.
Role of physical therapy and exercise programs in the treatment of ankylosing spondylitis
Despite the tremendous progress in the pharmacological therapy of AS, we consider that physical therapy and exercise remain an essential part of the management plan. Even though nonpharmacological therapy has not been shown to alter the disease course, such interventions complement drug therapy to improve symptoms, function and quality of life in addition to minimizing deformities. This is best implemented as part of a comprehensive plan that also includes patient education and pharmacological therapy.
Home exercise programs
Home-based exercise programs may have a positive effect in patients with AS at several levels including pain and stiffness, mobility, function, mood, attitude, general health, overall quality of life and sense of well being. They are easily performed and conveniently available to patients at no cost. Therefore, physicians should spend adequate time during clinic visits to educate patients about the importance of exercise and give them instructions about simple exercises in addition to referring them to a physical therapist for more specific exercise instructions.
A large randomized controlled study found a significant improvement in self-efficacy for exercise and selfreported mobility at 6 months as well as trend for improvement in function as measured by the bath ankylosing spondylitis functional index (BASFI) in patients who underwent regular long-term exercise programs supported by written and visual education materials, although there was no significant improvement in disease activity as measured by the bath ankylosing spondylitis disease activity index (BASDAI) [1] .
A small randomized controlled study [2] found that a comprehensive home physical therapy with patient education was associated with a significant improvement in fingertip-to-floor distance and in function at 4 months. An 8-month follow-up [3] showed that the initially attained improvement, although not increased, was sustained. Another small randomized controlled study [4] found, that a home daily 20-minute exercise program for 8 weeks was better than no intervention in terms of spine and large joint mobility, functional capacity, pain and depression scores. A small cross-sectional study [5] found that patients who exercise regularly have significantly less pain and better quality of life than those who are inactive. A survey suggested that unsupervised exercise for at least 30 minutes daily and back exercises for at least 5 days a week are needed for a significant effect on pain, stiffness or disability in the short-term as assessed by Health Assessment Questionnaire (HAQ) Disability Index [6] . A small nonrandomized study [7] found that both a homebased exercise program and a group-based exercise program, performed three times weekly for 6 weeks, resulted in significant improvement in disease activity and mobility as well as quality of life without significant difference between the two programs.
Formal physical therapy
Formal sessions of physical therapy may also have positive effects in patients with AS in terms of posture, mobility, fitness, function and mood. They are performed under the supervision of a physical therapist. Cost may, however, sometimes be prohibitive especially when insurance companies deny coverage. The physicians should refer patients who may benefit the most from such sessions. Examples are patients with moderately to severely active disease, and patients with decreased mobility, functional limitations and special needs. A physical therapist may also help evaluate patients for any need for assistive devices.
A large randomized controlled study [8] found that supervised group physical therapy for 9 months combined with home exercises was superior to unsupervised individual home exercises alone in improving spine mobility, fitness and overall health. A small randomized single-blinded study [9] showed that a 4-month program of weekly strengthening and flexibility exercises of shortened muscle chains supervised by a physical therapist was superior to conventional physical therapy. The group that underwent a conventional program of 20 exercises: cervical, thoracic, and lumbar spine motion and flexibility exercises; stretching of the shortened muscles; and chest expansion exercises had significant improvements in only tragus to wall distance and lumbar side flexion. The experimental group had better results in all the clinical measures of the BASFI and bath ankylosing spondylitis metrology index (BASMI) except in tragus to wall distance. An extended 1-year follow-up [10 ] of patients who carried out their exercise program at least three times monthly showed that improvements in measures of the BASMI and the BASFI were, to some extent, maintained only in the experimental group. A small short-term randomized study [11] found a rigorous group exercise program for 6 weeks under the supervision of a physical therapist to be significantly better than a home program in terms of function (BASFI) and mood (Beck Depression Scale). Another small controlled study [12] showed that daily passive stretching of the hip joints for 3 weeks resulted in a significant improvement in the hip range of motion. Improvement was sustained at 6 months by continuing the stretching exercises on regular basis. A 3-month, multimodal supervised exercise program of Physical therapy in ankylosing spondylitis? Elyan and Khan 283 50 minutes of aerobic, stretching, and pulmonary exercises, three times weekly was shown to be associated with significantly better chest expansion, chin-to-chest distance, Modified Schober Test, occiput-to-wall distance and spinal mobility. Physical work capacity and vital capacity improved in the exercise group but decreased in the control group [13 ] .
Water therapy
Water therapy (hydrotherapy) may have a place in the management of AS along with conventional physical therapy to improve pain, stiffness, function, fitness, fatigue and overall sense of well being. The costs of spa therapy can be prohibitive and they are usually not covered by health insurance plans. Patients who have access to a pool, however, should be encouraged to use it to swim as well as to perform other water exercises.
A large randomized controlled study [14] for 40 weeks found that a 3-week course of combined spa therapy and exercise in addition to anti-inflammatory medications followed by weekly group physical therapy was costeffective and was associated with significant improvement in BASFI compared with weekly group physical therapy and medical treatment. A small, randomized study [15] found hydrotherapy with home exercise to be associated with significantly better short-term improvement in neck mobility, pain and stiffness compared with exercise alone. Balneotherapy (mineral waters bathing, often at spas, involving hot or cold water massage by water flow and other means) for half an hour daily for 3 weeks along with 30-minute daily exercise was demonstrated to be associated with better BASDAI, Nottingham Health Profile, pain, tiredness and sleep score, physical activity and patient's and physician's global evaluation than exercises alone at the end of the 3 weeks. At 6 months, only patient's global evaluation and modified Schober test were, however, better in the balenotherapy group [16 ] .
Inpatient rehabilitation
Inpatient rehabilitation may be necessary for some patients with severe active AS to provide rapid shortterm improvement in pain and stiffness, mobility, function and quality of life, although the need for it has markedly declined since the availability of TNF antagonists.
A large noncontrolled study [17] for 18 months found that an inpatient management program provided some improvement in disease activity, functional ability, global well being and mobility. Another noncontrolled study [18] of patients with various types of spondyloarthropathies found significant improvement in finger-to-floor distance, chest expansion, thoraco-lumbar rotation, lateral flexion, hip internal rotation and shoulder flexion and abduction after an intensive inpatient course. A small, randomized study [15] found that an intensive inpatient physical therapy provided only short-term improvement in pain and stiffness compared with home exercise alone. A 3-week intensive rehabilitation program [19 ] followed by home exercises in patients with active AS was shown to be associated with ASAS20 in 88.5, 59.6 and 32.7% at the end of the rehabilitation, and at 6 weeks and 12 weeks of follow-up, respectively, suggesting a short-term benefit that declines over time. A pilot study [20] found that an intensive rehabilitation program combined with etanercept was significantly better than rehabilitation alone in terms of BASFI, the Revised Leeds 
Recommendations and conclusion
(1) Based on the available data reviewed above, we recommend a program of individual unsupervised exercise for every patient with AS (Table 1) [21] and those with significant heart problems need to be advised regarding appropriate level of exercise.
The management of AS remains challenging; early diagnosis and the combination of pharmacological and nonpharmacological modalities, along with patient education, are essential for a better outcome. The patients need to follow a life-long program of appropriate regular exercises. Such exercise and appropriate physical therapy instructions can be beneficial, regardless of disease duration or extent of disease. They are generally underutilized by physicians and patients. It remains unclear which treatment regimen should be prescribed. Large randomized controlled long-term prospective studies are needed to evaluate the long-term benefit of exercise and physical therapy, especially in combination with TNFinhibitor therapy, and to compare specific treatment protocols.
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